Synthetic fiber has been gradually replaced by natural fiber, such as lignocellulosic fiber. In comparison with synthetic fiber, natural fiber has shown economic and environmental advantages. The natural fiber presents interfacial characteristics with polymeric matrices that favor a high impact energy absorption by the composite structure. However, until now little has been evaluated about the hemp fiber incorporated in polymeric matrices. This study has the purpose of evaluate the impact resistance of this kind of epoxy matrix composite reinforced with different percentages of hemp fibers. The impact resistance has substantially increased the relative amount of hemp fiber incorporated as reinforcement in the composite. This performance was associated with the difficulty of rupture imposed by the fibers resulting from the interaction of hemp fiber / epoxy matrix that helps absorb the impact energy.
INTRODUCTION
Natural fibers are steadily substituting synthetic fibers, particularly the common glass fiber, as the reinforced phase of polymeric composites in many engineering applications such as automobile interior components, cyclist helmets, housing panels and windmill fins [1] [2] [3] [4] . The lignocellulosic fibers obtained from vegetables offer societal, economical, environmental and technical benefits [5, 6] in comparison to the glass fiber as composite reinforcement. In particular, the impact resistance of a naturally flexible lignocellulosic fiber is a technical advantage over the brittle glass fiber in a situation of a crash event. This is the case of automobile parts such as the head-rest and the interior front panel that should not have a brittle rupture during an accident. In fact, the parts should be soft and able to absorb the impact energy without splitting in sharp pieces, to avoid injuring the passengers [6] . Lignocellulosic fibers such as coir, flax, jute, ramie, curaua and sisal are currently being used in automobile composite parts that require both strength and toughness [4] . The hemp fiber, although strong and flexible [7] has not yet been applied in composites for automobile components. Actually, the fibers obtained from the petiole of the hemp palm tree commonly used to fabricate ropes and baskets owing to its high strength. This has motivated the study of the mechanical characteristic of the fibers. In spite of existing works on the properties of hemp fiber composites [8] [9] [10] , the impact resistance of continuous and aligned fiber reinforcing polymeric composites has yet to be evaluated. Therefore, the objective of the present work was to access the toughness through the energy absorbed by notched Charpy impact specimens of epoxy composites reinforced with different amounts of continuous hemp fibers.
EXPERIMENTAL PROCEDURE
The material used in this work was untreated hemp fiber extracted from the stem hemp plant and epoxy resin. Statistical analysis were performed on one hundred fibers randomly removed from the as-received the lot. Figure 1 shows the histogram for the distribution of hemp fiber diameters by considering 6 diameter intervals. From this distribution, presented elsewhere an average diameter of 0.065mm was found for the as-received lot. Several other hemp fibers were cleaned in water and dried at 60°C in a stove to be used as composite reinforcement. Continuous and aligned fibers were laid down, in separate amounts of 10, 20, and 30 % vol, mixed with still fluid unsaturated epoxy resin, in a mold made of steel with 62 x 12.7 mm and 10 mm of thickness. Epoxy resin type commercial diglycidyl ether of bisphenol A (DGEBA) cured with triethylene tetramine (TETA) in stoichiometric proportion of 13 parts of hardener to 100 parts of still liquid resin was poured into the hemp fibers in the mold. A 24 hours cure at room temperature was allowed for these composite samples. After unmolded, the samples were cut following the ASTM D256 standard. Ten specimens for each percentage of hemp fiber composite were impact tested in a PANTEC pendulum, Fig.  2 , set in the Charpy configuration. Based on the results shown in Table 1 , the variation of the Charpy impact energy with the amount of hemp fiber in the epoxy composite is shown in Fig. 3 . In this figure it should be noticed that the hemp fiber incorporation into the matrix significantly improves the impact toughness of the composite. This improvement can be considered almost as increase with respect to the amount of hemp fibers. The relatively high dispersion of values, given by the standard deviation associated with the higher fiber percentage points in Fig. 3 , is a well known heterogeneous characteristic of the lignocellulosic fibers [11] . The values shown in this figure are consistent with results reported in the literature [12, 13] . The reinforcement of a polymeric matrix with both synthetic [13, 14] and natural [15, 16] fibers increases the impact toughness of the composite. In this work, using aligned hemp fibers, the impact toughness of 139.05. J/m for 30% long hemp fibers. The greater impact resistance of the epoxy in comparison with the polypropylene matrix could be one reason for the superior performance found in the present work. However, there are other important factors related to the impact fracture characteristic of polymeric reinforced with long and aligned natural fibers. The relatively low interface strength between a hydrophilic natural fiber and a hydrophobic polymeric matrix contributes to an ineffective load transfer from the matrix to a longer fiber. This characteristic allow the system to absorb more energy because of the flexibility of the fiber that slide out of the matrix but do not breaks, what amplifies the energy needed to rupture the specimen [17] . The macroscopic aspects of the typical specimen ruptured by Charpy impact tests are shown in Fig. 4 . In this figure it should be noted that the incorporation of fiber results in a completely different rupture shape with respect to pure epoxy (0% fiber) in which a totally transversal rupture occurs. Even with 10% of fiber, the rupture is no longer completely transversal. This indicates that the cracks nucleated at the notch will initially propagate transversally through the matrix, as expected in a monolithic polymer. However, when the crack reaches a fiber, the rupture will proceed through the interface. As a consequence, after the Charpy hammer hit the specimen, some long fibers will be pulled out from the matrix but will not break, simply bend. In fact, for volume fractions of fiber above 10%, some specimens are not separated at all. For these amounts of fibers, part of the specimen was bent enough to allow the hammer to continue its trajectory carrying away the specimen without breaking it into pieces, which is expected in a Charpy test. The value of the impact toughness in this case cannot be compared with others in which the specimen is totally split apart. Anyway, the fact that a specimen is not completely separated in two parts underestimates the impact toughness. In other words, had all the fibers been broken, the adsorbed impact energy would be even higher.
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RESULTS AND DISCUSSION
CONCLUSIONS
There is a significant increase in energy absorbed in Charpy impact tests with the incorporation of hemp fibers in an epoxy matrix composite. The weak interface between the hemp fibers and the epoxy matrix contributes greatly to increase the impact energy by changing the cracks trajectory in the composite. Most of this increase in toughness is apparently due to the low hemp fiber/epoxy matrix interfacial shear stress. This results in a higher absorbed energy as a consequence of a longitudinal propagation of the cracks throughout the interface, which generates larger rupture areas, as compared to a transversal fracture. 
